Acid-catalyzed rearrangement of 5,7-di-tert-butyl-2-(4-chloro-6,8-dimethylquinolin-2-yl)-1,3-tropolone leads to (R,S)-5-tert-butyl-2-(4-chloro-6,8-dimethyl-1H-quinolin-2-ylidene)-3,3,3a-trimethyl-3,3a-dihydropentalene-1,6(2H,6aH)-dione. The structure of the rearrangement product is established by 2D-correlation NMR and X-ray diffraction. The relative thermodynamic stability and tautomeric isomers of the new compound were evaluated by means of quantum chemical methods. A reaction mechanism is suggested.
Introduction
The high biological activity of troponoids is related to the presence of a pharmacophore center, which is based on the seven-membered carbocyclic system. At the same time, the variety of pharmacological properties is determined by the nature and position of functional groups in the tropolone ring. 1 That is why the development of methods for the functionalization of the seven-membered ring of 2-heteroaryl substituted 1,3-tropolones is a priority task. A promising method for the synthesis of 1,3-tropolone derivatives is based on the reaction of 2-methyl-containing heterocycles with substituted 1,2-benzoquinones leading to 2-(quinolin-2-yl)-, 2,3 2-(quinoxalin-2-yl)-, 4 2-(benzazol-2-yl)-, 5 and other 1,3-tropolones. [6] [7] [8] In the present work, we report an unusual acid-catalyzed rearrangement of 5,7-di-tert-butyl-2-(4-chloro-6,8-dimethylquinolin-2-yl)-1,3-tropolone in concentrated sulfuric acid.
Results and Discussion
1,3-Tropolone 1 was prepared by the reported method, 2 and its structure was confirmed by X-ray diffraction. 9 A distinctive feature of the structure of compound 1 is the presence of a strong intramolecular bond of the OH group proton of the tropolone ring with the quinoline nitrogen atom. The compound 1 exists in OH and NH tautomeric form even in the crystalline state. 9 Attempts to obtain the salts of compound 1 with sulfuric, hydrochloric and other acids proved unsuccessful. Compound 1 is completely soluble in concentrated sulfuric acid to form a tropylium cation, however, this process is reversible even with a slight dilution of the solution with water. An unexpected result was obtained on heating the sulfuric acid solution of 1,3-tropolone 1. It was found that prolonged exposure of 5,7-di-tert-butyl-2-(4-chloro-6,8-dimethylquinolin-2-yl)-1,3-tropolone 1 in concentrated sulfuric acid leads to a previously unknown 5-tert-butyl-2-(4-chloro-6,8-dimethyl-1H-quinolin-2-ylidene)-3,3,3a-trimethyl-3,3a-dihydropentalene-1,6(2H,6aH)-dione 3, whose formation can be represented as a cascade process, including the Wagner-Meerwein rearrangement and [1, 3] -rearrangement of bicyclo[3.2.1]octane into the pentalene derivative 3 (Scheme 1).
Acid-catalyzed 1,2-sigmatropic shift of a methyl group from a tert-butyl group in the 5-position of the tropylium cation 2 leads to the formation of a 1-(4-chloro-6,8-dimethylquinolin-2-yl)-7-hydroxy- 12 Under the conditions of this reaction, the [1, 3] -rearrangement proceeds under acidic conditions, and is probably initiated by thermal conditions. Given the low yields of compound 3 (10%) and the isolation of the initial tropolone 1 after the completion of the experiment, it can be assumed that the Wagner-Meerwein rearrangement of 1 proceeds slowly and is the limiting stage of the cascade process. Optimization of the reaction conditions and a detailed quantumchemical study of the mechanism are the subjects of further research. The structure of compound 3 was established using a combination of methods: mass-spectroscopy, IRspectroscopy, NMR Equal values of molecular ion peaks and qualitatively identical sets of fragments in the mass spectra of compounds 1 and 3 indicate their isomeric structures.
Comparison of the NMR spectra allows concluding that there are insignificant differences in the structure of the quinoline fragment in both structures, with the exception of an upfield shift of 1 ppm for H(3') peak in compound 3, which is explained by the replacement of the C(1)-carbonyl group of tropolone with a shielding alkyl fragment in the product. In the 1 H NMR signals of the transformed tropolonic part of the molecule of compound 3, three three-proton methyl singlets are present instead of the nine-proton singlet of one of the tert-butyl groups. Also one of the protons of the tropone ring changes its position upfield from 6.5-7.0 ppm to 3.20 ppm, while the second tropone proton undergoes a downfield shift to 7.19 ppm. In the 13 C NMR spectrum of 3 both signals of the С=О groups are downfield shifted by approximately 1.0-1.5 ppm. Instead of the disappearing signals at δ c 125.1 and 122.9 ppm and one of the signals of carbons, carrying the tert-butyl group at δ c 153.0-155.5 ppm, the number of alkyl carbons in the ring increases, which is revealed at δ c 50.9, 43.7, and 69.0 ppm. The signal of the carbon connected with H at δ H 7.19 ppm reveals downfield at δ c 160 ppm, which is explained by a deshielding conjugation with the carbonyl group. Thus, the number of carbon atoms in the resulting ring increased to eight, as the substituents there are two carbonyl oxygens, one tertbutyl and three methyl groups, and since there are two ring protons.
In the 1 H NMR spectrum of 3 the downfield signal of the hydrogen atom of the hydroxyl group bound by the intramolecular hydrogen bond to the six-membered chelate ring is manifested at 15.63 ppm, in contrast to the proton signal of the OH group in the field of 18.0-19.0 ppm in the 1 Н NMR spectrum of 2-(4-chloro-6,8-dimethylquinolin-2-yl)-5,7-di(tert-butyl)-1,3-tropolone 1. The hydroxyl carrying carbon resonates at δ C 188.4 ppm, in contrast to the value of δ C 175.0 ppm in the case of tropolone, which indicates its carbonyl nature and the displacement of the proton to the nitrogen atom of the quinoline ring, i.e. the predominance of the N-H tautomeric form. This is confirmed by the Table 1 . The detailed analysis of these data was a key step in attributing the structure of 2-ylidene substituted 5- tert-butyl-3,3,3a-trimethyl-3,3a-dihydropentalene-1,6(2H,6aH)-dione to the product 3 (Figure 1) . The most important HMBC correlations for the analysis of our structure are schematically shown in Figure 2 . Table 2 .
To assess the relative thermodynamic stability of (NH) and (ОH) isomers 3, PBE0/6-311+G(d,p) calculations of energetic and structural characteristics of the respective structures in the gas phase and DMSO solution were performed, the results of which are shown in Figure 4 and Tables 2,3 (2) 1.426 1.409 (7) C (9) (7) 1.578 1.585 (7) O (1) The obtained results revealed the essential stabilization of the (NH) form of 3 with respect to the (OH) isomer, which becomes energy-preferable in polar medium. In contrast, for the parent compound 1, the (OH) form is more stable. 17 Previous studies of tropolone derivatives have shown that the stabilization of the (NH)
isomer is directly related to the enhancement of the electron-withdrawing properties of the tropolone fragment (for example, by introducing appropriate substituents). Therefore, it can be assumed that the isomerization product of the tropolone ring -the dihydropentalene fragment of 3 -possesses a more pronounced electron-withdrawing properties than the initial tropolone moiety.
Conclusions
We have prepared 5-tert-butyl-2-(4-chloro-6,8-dimethyl-1H-quinolin-2-ylidene)-3,3,3a-trimethyl-3,3a-dihydropentalene-1,6(2H,6aH)-dione, the structure of which was established by the heteronuclear 2D NMR spectroscopy methods and X-ray analysis. The compound has predominantly the NH tautomeric form. This conclusion is supported by the data of NMR spectroscopy and X-ray analysis, as well as by theoretical modeling. Stabilization of the NH isomer is significantly enhanced in a polar solvent. The mechanism of the acid-catalyzed cascade isomerization reaction of 5,7-di(tert-butyl)-2-(4-chloro-6,8-dimethylquinolin-2-yl)- N NMR spectra were recorded on a Bruker Avance 600 spectrometer. The chemical shifts are given with respect to the signal of SiMe 4 as the internal standard. Attenuated total internal reflectance IR (ATR-IR) spectra were measured on a Varian 3100 FT-IR Excalibur Series spectrometer. The electron ionization mass spectra were obtained on a Shimadzu GCMS-QP2010SE spectrometer with direct injection of the sample into the ion source (70 eV). Chromatography was performed on columns packed with Al 2 O 3 (Brockmann activity II-III). The melting point was measured on a Fisher-Johns apparatus. The IR and NMR spectra were recorded using equipment of the Shared Use Center "Molecular spectroscopy" of the Southern Federal University. 2 the physicochemical data were reported earlier. mmol) dissolved in concentrated sulfuric acid (20 ml) was heated for 7 days at 110 o C. The mixture was poured onto 100 g of ice and neutralized with a solution of NaOH (40%) to pH 7. The solution was extracted with methylene chloride (3  100 ml). The nonaqueous solution was washed with water (2  100 ml) and dried with anhydrous Na 2 SO 4 , and the bulk of the methylene chloride was distilled off. 3118, 1709, 1620, 1606, 1592, 1570, 1526, 1470, 1446, 1431, 1396,  1371, 1362, 1345, 1319, 1298, 1280, 1267, 1236, 1215, 1166, 1157, 1140, 1109, 1089, 1069, 1048, 1039, 1006 C(3a) ), 50.9 (C(3)), 69.0 (C(6a)), 107.0 (C(2)), 116.7 (C(3')), 120.7 (C(4'a) ), 121.8 (C(5')), 126.2 (C(8')), 133.3 (C(6')), 134.6 (C(7')), 136.3 (C(8a')), 142.4 (C(4')), 149.1 (C(2')), 150.2 (C (5) , m (MoKa) = 0.19 mm-1, pr.gr. P21 / c. The intensities of the 19967 reflections were measured in the angular interval (2  68.14) by the w-scan method from a single crystal measuring 0.24 × 0.07 × 0.06 mm, of which 9197 are independent. The structure is deciphered by a direct method and refined by the full-matrix least squares (OLS) method in accordance with the SHELXTL program in the anisotropic approximation for non-hydrogen atoms. Coordinates of atoms and accompanying structural information can be obtained at vatka@icp.ac.ru .
Computational methods
All quantum chemical calculations were performed at PBE0/6-311+G(d,p) level of theory using the Gaussian 09 suite of programs. 18 Solvent effects were modeled by using polarizable continuum model (PCM) 19 within the integral equation formalism (IEFPCM). 20 
